INTRODUCTION {#sec1-1}
============

Endogenous reactive oxygen species (ROS) in high quantities overwhelm the innate antioxidant defense system leading to oxidative stress.\[[@ref1][@ref2]\] In diabetes mellitus (DM), the glucolipotoxicity is complicated with endothelial dysfunction and susceptible to oxidative stress, as higher blood glucose level is associated with free radical-mediated lipid peroxidation.\[[@ref3]--[@ref6]\] Free oxygen radicals in DM cause peroxidative breakdown of phospholipids that lead to accumulation of malondialdehyde (MDA). MDA plays a key role in modifying low density lipoprotein (LDL), which mediates the patho-physiological changes by non-enzymatic and auto-oxidative glycosylation.\[[@ref7]--[@ref10]\]

Cigarette smokers have elevated levels of oxidized macromolecules owing to heightened ROS production and may act as an additional risk factor in the complications of DM.\[[@ref11]\] The distressed equilibrium between pro-oxidants and antioxidants in DM alters the metabolic status of body, leading to development of microvascular and macrovascular complications that may increase with DM duration. Controversy still exists between MDA levels and duration of type 2 DM in the course of persistent rise in metabolic parameters.\[[@ref3][@ref12]--[@ref14]\]

The present study intended to assess the MDA and glycated hemoglobin in patients with type 2 diabetics, with and without complications along with lipid profiles in diabetic participants in comparison to a normal healthy group.

MATERIALS AND METHODS {#sec1-2}
=====================

This cross-sectional study was carried out in the Department of Biochemistry in a tertiary care teaching hospital in Sikkim. All participants were selected randomly from those who visited for treatment at the Diabetic specialty clinic in the Department of Medicine. After careful clinical examination and confirmed diagnosis by a diabetologist, 60 patients presenting with type 2 diabetes mellitus (male = 32, female = 28) were included in the study. These diabetics were divided into four groups: Group A (n=28) with macrovascular complications; Group B (n=19) with microvascular complications; Group C (n=8) with both macro and microvascular complications (overlapped and included in individual complications); and Group D (n=13) diabetics presented without any complication. A total of 100 age- and sex-matched apparently healthy individuals with no symptoms suggestive of DM were taken as control participants.

The participants with co-morbidities, viz, febrile illness, suffering from any other hormonal disorders, benign or malignant disorders, diabetic ketoacidosis, renal failure, transplant rejection, central nervous system disorders, and/or other chronic diseases, were excluded from the study. No patients were on antioxidant supplementation or lipid lowering drugs.

The study conformed to the Helsinki declaration and approved by Institutional ethics committee. The study was conducted from July 2009 to June 2010. All subjects were explained about the purpose of the study and were ensured that the information collected from them would be confidential and used only for academic purpose. Subsequently, written informed consent was obtained from each participant. They were given the options to withdraw from the study as per their wish. The diabetics with complications were classified on the basis by National Diabetes Data Group (NDDG) of the National Institute of Health (NIH) in 1980/World Health Organization (WHO) criteria.\[[@ref15]--[@ref17]\] Cases of diabetic retinopathy were diagnosed by the Department of Ophthalmology and macrovascular complications were established by the diabetologist. Smokers were defined as consuming ≥5 cigarettes per day and were smoking continuously for a minimum of six months prior to being enrolled.\[[@ref18]\] The diabetics were allowed to pursue treatment schedules and regular lifestyles during this study, ie, tobacco addiction.

For the biochemical investigations, two samples of fasting un-hemolyzed blood (after minimum 12 hours of fasting) were collected from the ante-cubital vein of the participants; universal precautions were followed during this procedure, and the participants were followed up for one hour. While whole blood samples were used for the assay of glycated hemoglobin (HbA~1~C), another set of samples was allowed to clot in aliquots at room temperature for two hours and then centrifuged at 3,000 rpm for 10 minutes to separate the serum. The samples were processed simultaneously for estimations in accordance with the standard operative procedure of the institution. Smokers were instructed to refrain from smoking for one hour before reporting to the laboratory.\[[@ref18]\]

The diagnosis of DM was based on WHO criteria, ie, a fasting plasma glucose of 126 mg/dl (7.0 mmole/L) after minimum 12-hour fast, with symptoms of diabetes and two hours of post prandial glucose level of ≥200 mg/dl (11.1 mmole/L) after 75 g oral glucose load. The participants suffering from diabetes for more than five years were included in the study irrespective of their glycemic status. These participants were also confirmed for their present biochemical status. Postprandial sample was drawn two hours after ingestion of 1.75 g per kg body weight with a maximum of 75 g oral glucose in 300 ml water. Fasting sample was used for estimation of all parameters except for postprandial serum glucose estimation.\[[@ref17]\]

All biochemical estimations (except MDA) were done by using the RFCL kit (formerly *Ranbaxy* Fine Chemicals kit) on spectrophotometer Ranbaxy Hospitex REF, LIHD116-SN-161252. Fasting and postprandial serum glucose was estimated quantitatively by glucose oxidase-peroxidase (GOD/POD) technique as described by Trinder (1969).\[[@ref19]\] Total cholesterol was estimated quantitatively by cholesterol oxidase-Phenol+aminophenazone (CHOD-PAP) technique as described by Allian (1974).\[[@ref20]\] Triacylglycerol was estimated quantitatively by Glycerol-3-phosphate oxidase- Sodium N-ethyl-N-(3-sulfopropyl) m-anisidine (GPO-ESPAS) technique as described by Buccolo and David (1973).\[[@ref21]\] Quantitative estimation of high density lipoproteins (HDL) is done by *Polyethylene glycol*+ Phenol+aminophenazone *precipitation* (PEG-PAP) method.\[[@ref22]\] The lipid profile does not measure LDL level directly but estimates it using the Friedewald formula by subtracting the amount of cholesterol associated with other molecules, like HDL and very low density lipoprotein (VLDL).\[[@ref23][@ref24]\]

Oxidative stress was assessed by quantifying thiobarbituric acid (TBA) reactivity as MDA in a spectrophotometer. To 0.5 ml of the serum, 0.5 ml of 30% Trichloroacetic acid (TCA) (Merck) was added and centrifuged at 3,000 rpm for 5 minutes and supernatant was collected. Thereafter, 0.5 ml of supernatant was added to 0.5 ml of 1% TBA (Merck) in a boiling water bath for 30 minutes following which tubes were kept in an ice-cold water bath for 10 minutes. The resulting chromogen absorbance was determined at the wavelength of 532 nm at room temperature against blank reference. The concentration of MDA was read from standard calibration curve plotted using 1, 1, 3, 3' tetra-ethoxy propane (TEP). The extent of lipid peroxidation was expressed as MDA (μM/L) using a molar extinction coefficient for MDA of 1.56 × 105 M^--1^ cm^--1^.\[[@ref25]\]

HbA~1~C was estimated from the whole blood by column chromatography technique. After analysis of groups of normal male and female volunteers, researchers had reported the plasma levels of MDA of 1.076 nmol/ml, ie, 1.076 μmol/L.\[[@ref26]\] We also compared HbA~1~C levels of our study participants with MDA levels.

The statistical analysis was done using Graph Pad 3 and the comparison between cases and control was calculated by using Student\'s *t* test. One-way analysis of variance (ANOVA) and Bonferroni multiple comparison test was applied to compare multiple independent and dependant variables in MDA levels. The difference was considered to be statistically significant at alpha error of 0.05.

RESULTS {#sec1-3}
=======

There were no significant difference with regard to age, waist circumference, and body mass index (BMI) in the cases and controls. Between study and control groups, the routine biochemical parameters, fasting and postprandial glucose, along with glycated hemoglobin from whole blood and lipid profile, viz, serum total cholesterol, triacylglycerol, HDL and LDL differed significantly. The mean serum level of MDA in the study group was 2.65±1.33 μmol/L; in the control group, it was 0.93±0.39 μmol/L; MDA level was significantly higher among diabetics. The sensitivity and specificity of MDA level was calculated in comparison with the HbA~1~C level; these were respectively 95.83 and 91.66. The predictive values of positive and negative tests were respectively 97.87 and 84.61 \[[Table 1](#T1){ref-type="table"}\].

###### 

Clinico-biochemical correlates of laboratory findings

![](JNSBM-2-107-g001)

In our study on 32 male and 28 female diabetics, males showed slightly higher value of MDA, which was statistically significant. We had observed the MDA level on the added effect of addiction among diabetics. We found no significant difference in serum MDA levels among smokers (n=22) and smokeless tobacco consumers (n=13). Yet, both groups showed significant increase in serum MDA levels when they were independently compared with non-users of tobacco (n=15). In our study, we noted that the participants (n=34) suffering from diabetes for 5 years or more had significantly higher level of MDA than the diabetics of lesser duration. Serum MDA levels were also evaluated in diabetic participants in terms of macrovascular and microvascular complications in our study. Overall, the difference was extremely significant (*P*\< 0.0001). In Bonferroni multiple comparison test, the MDA levels were significantly higher in participants with complications (macrovascular or microvascular, or both) when compared with diabetics who presented without any complication \[[Table 2](#T2){ref-type="table"}\].

###### 

Serum MDA levels in relation to correlates and complications

![](JNSBM-2-107-g002)

Serum MDA levels of type 2 diabetics in different ethnic populations of Sikkim showed no significant difference \[[Table 3](#T3){ref-type="table"}\].

###### 

Serum MDA levels of diabetics in different ethnic groups in Sikkim

![](JNSBM-2-107-g003)

DISCUSSION {#sec1-4}
==========

We evaluated the serum MDA level and its relationship with other biochemical findings, ie, fasting blood sugar (FBS), HbA~1~C, and lipid profiles. The values were compared between diabetic group and control group along with clinical correlates in both groups. The fasting and postprandial serum glucose along with lipid profiles between the study group and control group differed significantly. The mean serum level of MDA in the study group was 2.65±1.33 μmol/L; in the control group it was 0.93±0.39 μmol/L; this difference was statistically significant. Male sex, longer duration of diabetes, addiction to tobacco, and presence of macrovascular and microvascular complications significantly increased the MDA level in the diabetics.

We observed an increase in MDA levels in diabetics who corroborated with the results of studies by our peers in the same field of research.\[[@ref27]--[@ref31]\] The study conducted in Lokmanya Tilak Municipal General Hospital, Mumbai, observed that freshly diagnosed diabetics under no medication had higher MDA levels across sexes compared with the findings in the control group. Researchers concluded that undetected long-term latent diabetes was the reason for the high MDA level.\[[@ref32]\] In another study, MDA values increased with an increase in the levels of plasma glucose and duration in patients with diabetes without complications and in diabetics with ischemic heart disease (IHD).\[[@ref33]\]

A Spanish study on children and adolescent showed that the level of estimated MDA was higher with the earlier onset and prolonged duration of diabetes, and these levels continued to rise during the course of the disease.\[[@ref34]\] An Iranian study observed that elevated MDA levels significantly correlated to duration in diabetics with more than 10 years compared to those with comparatively lesser duration. The association between duration of MDA and DM remained significant after adjustment was made for age, gender, BMI, fasting plasma glucose, and medications.\[[@ref13]\]

An Egyptian study reported significant elevation in MDA levels early in type 2 diabetics, before the development of secondary complications. However, no significant correlation was found between MDA levels and patients with a mean DM duration of 10 years.\[[@ref35]\] Yet, in another study on diabetics with a mean duration of seven years had higher serum MDA concentrations compared to newly diagnosed cases.\[[@ref36]\]

We observed that tobacco addiction had an added significant effect on the MDA level among diabetics. Bloomer found that the MDA level was raised in novice smokers, suggesting that cigarette smoking independently promoted harmful effects related to number of years of smoking.\[[@ref11]\]

A study conducted in Thailand noted significant positive correlation between the MDA level and Fasting plasma glucose (FPG) in poorly controlled type 2 DM and type 2 DM complicated with coronary heart disease (CHD).\[[@ref3]\] In a western Indian study, the MDA levels were significantly increased in diabetics without complications and non-diabetics with IHD.\[[@ref37]\] In a Chinese Harbin Medical University study, the concentrations of MDA in type 2 diabetes mellitus were significantly higher than those in the controls; with retinopathy MDA was significantly raised compared to in those without retinopathy.\[[@ref38]\] A Turkish study observed that MDA levels were significantly higher in diabetics with microalbuminuria compared with patients without microalbuminuria.\[[@ref39]\] A Gwalior study noted that MDA levels were significantly increased with microvascular complications of diabetes.\[[@ref40]\]

The novelty of our study was that the MDA level in type 2 DM with complications was not reported earlier in literature from Sikkim. Further, effects of ethnic variations in MDA levels were also noted among diabetics. This uniqueness will be further investigated by molecular epidemiology in the next phase of research. Moreover, we have compared the HbA~1~C levels of our study participants with MDA levels to help establish MDA as a marker of diseases in future. It can be considered as an additional marker of prediction of complications in type 2 diabetes.

The foremost limitation to our study concerns the use of cross-sectional data, which prevented us from drawing causal relationships. Longitudinal studies are thus required to confirm our results. Moreover, we estimated free MDA levels in serum that have inherent limitations in the analysis of results. Besides, spectrophotometric analysis of MDA content has limited specificity. Our study confirms that there is an increased oxidative stress in diabetics compared to nondiabetic counterparts and emphasizes the importance of assessing these markers for early diagnosis and therapeutic interventions in the Sikkimese population.

Our findings strongly confirmed the evidence that diabetic patients were susceptible to oxidative stress and higher blood glucose level had an association with free radical-mediated lipid peroxidation.
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